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INTERPRETING ADJACENT SEARCH
TERMS BASED ON A HIERARCHICAL
RELATIONSHIP

RELATED APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/452,179, filed Apr. 20, 2012 (now U.S. Pat.
No. 8,745,028), which is a continuation of U.S. patent appli-
cation Ser. No. 12/345,366, filed Dec. 29, 2008, which claims
priority to U.S. Provisional Patent Application No. 61/016,
916, filed Dec. 27, 2007, the disclosures of which are incor-
porated by reference herein in their entirety.

BACKGROUND

Search engines may implement various algorithms to iden-
tify Web pages relevant to search terms contained in a user’s
query. However, many search engines have limitations for
providing relevant Web pages to a user because the search
engines do not interpret the hierarchical meaning of the
search terms. Rather, the search engine provides Web pages
that merely include the search terms or variations of the
search terms.

SUMMARY

According to one aspect, an computer-implemented
method may include receiving, from a device, a search query
that includes search terms, parsing the search terms into com-
binations of search terms, where each of the combinations
includes one or more adjacent search terms, determining
whether a hierarchical relationship exists for the one or more
adjacent search terms of each of the combinations, generating
one or more interpretations for each of the combinations
based on whether the hierarchical relationship exists for the
one or more adjacent search terms, performing a search based
on at least one of the one or more interpretations to identify
search results, generating a search result document contain-
ing the search results, and providing, to the device, the search
result document.

According to another aspect, a computer-readable medium
may include instructions that may be executable by one or
more processors. The computer-readable medium may
include one or more instructions for receiving a search query
that includes search terms, one or more instructions for pars-
ing the search query into combinations, where each of the
combinations includes one or more ofthe search terms, one or
more instructions for determining that a hierarchical relation-
ship exists between adjacent search terms within one of the
combinations having two or more search terms, based on
hierarchical taxonomy data, one or more instructions for gen-
erating a meaning for the adjacent search terms of the one of
the combinations in correspondence to a meaning associated
with the hierarchical taxonomy data, one or more instructions
for searching for search results based on the meaning associ-
ated with the one of the combinations, and one or more
instructions for generating a search result document includ-
ing the search results.

According to yet another aspect, a search engine may be
implemented within one or more devices. The search engine
may include a search component. The search component may
receive a search query including search terms, parse the
search query into combinations of one or more of the search
terms, select a meaning for each of the one or more search
terms included with each of the combinations based on a
meaning of terms included with hierarchical taxonomy data,
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2

perform a search for search results based on the meaning
associated with one of the one or more search terms of one of
the combinations, and provide the search results.

According to still another aspect, a device may include
means forreceiving a search query that includes search terms,
means for parsing the search query into combinations, where
each of the combinations includes one or more of the search
terms, means for selecting meanings for each of the one or
more search terms included in each of the combinations based
on a meaning of terms included with hierarchical taxonomy
data, means for scoring each of the combinations based on the
meanings associated with the one or more search terms,
means for performing a search based on the meaning associ-
ated with one of the combinations to identify a search result,
and means for providing the search result.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate one or
more embodiments described herein and, together with the
description, explain these embodiments. In the drawings,

FIG. 1 is a diagram illustrating systems and methods for
performing a search;

FIG. 2 is a diagram of a network in which systems and
methods described herein may be implemented;

FIG. 3 is diagram of a device which may correspond to the
client and/or the server depicted in FIG. 2;

FIG. 4 is a diagram illustrating components of the search
engine depicted in FIG. 2;

FIG. 5 is a diagram illustrating data that may be maintained
by the search data depicted in FIG. 4;

FIG. 6 is a flow chart illustrating a process for generating
search results; and

FIG. 7 is a diagram illustrating an operation for determin-
ing whether a hierarchical relationship exists.

DETAILED DESCRIPTION

The following detailed description of the invention refers
to the accompanying drawings. The same reference numbers
in different drawings may identify the same or similar ele-
ments. Also, the following detailed description does not limit
the invention.

Overview

One approach for interpreting search terms of a search
query may be based on a tendency of a user to enter terms,
which have a hierarchical relationship, adjacent to each other.
FIG. 1 is a diagram illustrating systems and methods for
performing a search. For example, assume that a user enters a
search query that contains a set of search terms, and instructs
his browser to provide the search query to a search engine.
The search query may be received by search engine 105. For
example, assume that a portion of the search query includes
the search terms “Zurich Switzerland.” In this case, the search
term “Zurich” is adjacent to the search term “Switzerland”
within the search query. Additionally, there exists a hierarchi-
cal relationship between the search terms “Zurich” and
“Switzerland.” That is, “Zurich,” a city, and “Switzerland,” a
country, have a hierarchical geographic relationship. It will be
appreciated that although geographic search terms are repre-
sentative of what may constitute a hierarchical relationship,
hierarchical relationships exist in a broader spectrum of
search terms. That is, search terms corresponding to objects,
things, concepts, events, biological entities, plants, etc., may
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be entered as adjacent search terms that have a hierarchical
relationship. In this regard, the phrase “hierarchical relation-
ship,” is intended to be broadly interpreted to include, for
example, related instances of a category(s), a classifi-
cation(s), etc., that have an order based on rank, class, grade,
etc. For example, adjacent terms may have a parent-child
relationship (e.g., class, sub-class, group-sub-group, genus-
species, combination, sub-combination, etc.).

Search engine 105 may parse the search terms to form
select, but not necessarily all, combinations of the search
terms. A combination may include one or more search terms.
A combination having more than one search term may
include search terms that are adjacent to each other within the
entered search query. For example, if a search query contains
the search terms “oranges fruit Florida,” search engine 105
would parse the search query into adjacent search terms
“oranges fruit Florida,” “oranges fruit,” and “fruit Florida.”
However, search engine 105 would not parse the search query
to form a combination containing the search terms “oranges”
and “Florida,” since “oranges” and “Florida” are not adjacent
search terms. Inthis case, as previously mentioned, the search
term “Zurich” is adjacent to the search term “Switzerland.”

A combination may be interpreted based on a hierarchical
scheme. For example, repository 110 may include hierarchi-
cal data. Search engine 105 may utilize the hierarchical data
to interpret the adjacent search terms of a combination. For
example, search engine 105 may compare the adjacent search
terms to the hierarchical data. By way of example, the hier-
archical data may include the terms “Zurich” and “Switzer-
land.” Based on the comparison, search engine 105 may rec-
ognize that a hierarchical relationship (e.g., city, country)
exists between the adjacent search terms “Zurich” and “Swit-
zerland.” Search engine 105 may interpret these adjacent
search terms in correspondence to the hierarchical data.

Once the combinations of a search query are interpreted,
search engine 105 may generate a relevance score for each
interpretation. The relevance score may indicate a likelihood
of matching a user’s intended meaning of the search terms.
For example, search engine 105 may utilize templates to
score each interpretation. A template may include a pattern of
hierarchical? terms that correspond to an order in which auser
may formulate a search query. By way of example, a template
related to a geographical taxonomy may correspond to the
terms “city, state” or “state, country.” In this example, search
engine 105 may match a template “city, country” with the
interpreted search terms “Zurich Switzerland.” Search engine
105 may assign a score, that is associated with the matched
template, to the interpretation of “Zurich Switzerland” as a
“city, country” hierarchy.

Based on the relevance score of each interpretation, search
engine 105 may search, for example, for Web pages that
correspond to one or more of the scored interpretations. By
way of example, search engine 105 may search Web pages
that correspond to the interpreted meaning of “Zurich Swit-
zerland” as having a city and country hierarchical relation-
ship. The Web pages may be provided to, for example, a user
and/or another search engine, as search results.

As aresult of the foregoing, the search engine may provide
more useful results because the search engine may interpret
hierarchical meaning(s) associated with the search terms
within the search query and search for results that correspond
to the interpreted hierarchical meaning(s). Since the approach
for interpreting search terms, scoring the search terms, con-
ducting a search based on the meanings of the search terms,
and providing search results have been broadly described, a
more detailed description is provided below, as well as varia-
tions thereof.

10

15

20

25

30

35

40

45

50

55

60

65

4

Environment

FIG. 2 is a diagram illustrating an environment in which
systems and methods described herein may be implemented.
As illustrated, environment 200 may include a client 210, a
network 220, and a server 230. Server 230 may include a
search engine 240. Client 210 and server 230 may connect to
network 220 via wired and/or wireless connections.

Client 210 may be, for example, a computer, a mobile
phone, a personal digital assistant (PDA), and/or another type
of communication device. Additionally, or alternatively, cli-
ent 210 may be a program, a process, a fiber, or a thread
running on a communication device and/or an object execut-
able by a communication device.

Network 220 may be a local area network (LAN), a wide
area network (WAN), a telephone network, such as the Public
Switched Telephone Network (PSTN), an intranet, the Inter-
net, any other type of network, and/or a combination of net-
works.

Server 230 may be, for example, a device of a collection of
devices. Additionally, or alternatively, server 230 may be
software running on a device or a collection of devices.
Search engine 240 may be, for example, software to search
and/or retrieve information based on a search request. For
example, search engine 240 may service search requests from
client 210. Search engine 240 may be designed to return
search results, such as Web pages, business listings, and/or
maps based on the search request. In one implementation, the
search results may be returned to client 210. Additionally, or
alternatively, the search results may be returned to another
search engine (not illustrated).

Although FIG. 2 illustrates an environment, in other imple-
mentations, the environment may include fewer, additional,
or different devices. For example, one client 210 and one
server 230 have been illustrated as connected to network 220
for simplicity. In practice, there may be more clients 210
and/or servers 230. Also, in some instances, client 210 may
perform one or more functions of server 230 and/or server
230 may perform one or more functions of client 210. Addi-
tionally, or alternatively, server 230 may be implemented in a
distributed manner. For example, server 230 may be a back-
end component that operates in parallel with another server(s)
and/or search engine(s).

Example Device

FIG. 3 is a diagram of a device which may correspond to
the client and/or the server depicted in FIG. 2. As illustrated,
device 300 may include a bus 310, a processor 320, a main
memory 330, a read only memory (ROM) 340, a storage
device 350, an input device 360, an output device 370, and a
communication interface 380.

Bus 310 may include a path that permits communication
among the elements of device 300. Processor 320 may
include a processor, microprocessor, or processing logic that
may interpret and execute instructions. Main memory 330
may include a random access memory (RAM) or another type
of dynamic storage device that may store information and/or
instructions for execution by processor 320. ROM 340 may
include a ROM device or another type of static storage device
that may store static information and/or instructions for
execution by processor 320. Storage device 350 may include
a magnetic and/or an optical recording medium and its cor-
responding drive.

Input device 360 may include a mechanism that permits an
operator to input information to the device, such as a key-
board, a mouse, a pen, voice recognition and/or biometric
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mechanisms, etc. Output device 370 may include a mecha-
nism that outputs information to the operator, including a
display, a printer, a speaker, etc. Communication interface
380 may include any transceiver-like mechanism that enables
the device to communicate with other devices and/or systems.
For example, communication interface 380 may include a
mechanism for communicating with another device or system
via a network, such as network 220.

Device 300 may perform certain operations, as will be
described in detail below, in response to processor 320
executing software instructions contained in a computer-
readable medium, such as memory 330. A computer-readable
medium may be defined as one or more devices capable of
storing instructions and/or data. For example, a computer-
readable medium may correspond to a memory (e.g., main
memory 330), storage device 350, or another type of device
(e.g., a digital versatile disk (DVD), a compact disk (CD),
etc.). The computer-readable medium may be implemented in
a distributed manner (e.g., between two or more device 300s).
The software instructions may be read into memory 330 from
storage device 350, or from another device via communica-
tion interface 380. The software instructions contained in
memory 330 may cause processor 320 to perform processes
that will be described later. Alternatively, hardwired circuitry
may be used in place of or in combination with software
instructions to implement processes as described herein.
Thus, implementations as described herein are not limited to
any specific combination of hardware circuitry and software.

Although FIG. 3 illustrates a device 300, in other imple-
mentations, device 300 may include additional, fewer, or
different components. For example, device 300 may not
include input device 360. Additionally, or alternatively, in
other implementations, device 300 may include an arrange-
ment of components that are different than that depicted in
FIG. 3.

Search System

FIG. 4 is a diagram illustrating components of the search
engine depicted in FIG. 2. The term “component,” as used
herein, is intended to be broadly interpreted to include hard-
ware or a combination of hardware and software. Search
engine 240 may include a search component 410 and search
data 420.

Search component 410 may include one or more algo-
rithms to perform various operations in accordance with the
systems and methods described herein. For example, search
component 410 may receive a search query, parse a search
query, perform a search of search data 420 based on the search
query, interpret the search query, score an interpretation(s) of
the search query, and/or return a search result(s).

Search data 420 may include indexed data that may be
utilized by search component 410 to interpret a search query.
The indexed data may include data that is stored in an index
by an indexer (not illustrated). For purposes of discussion, the
indexed data will be described as relating to a geographical
taxonomy. In this instance, the indexed data may be used for
interpreting a search query as a reference to a place on Earth.
It will be appreciated, however, that the indexed data may
relate to other taxonomies (e.g., a business listing taxonomy,
a biological taxonomy, etc.), instead of, or in addition to, a
geographical taxonomy. In such instances, the indexed data
may be used for interpreting a search query as a reference to
a biological entity (e.g., an animal, a plant, etc.), interpreting
a search query as a reference to a business (e.g., a name of a
business), and/or in another manner according to the tax-
onomy implemented.
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Search data 420 may also include data other than geo-
graphical data. For example, search data 420 may include an
index of business listings, business information, Web pages,
or other information (e.g., metadata) that may be associated
with the geographical data. Search data 420 may include map
data. The map data may be searchable by geographic location.
In one implementation, the map data may include a graphical
map, boundary information, and/or latitude and longitude
coordinates. Search data 420 may also include user informa-
tion. For example, user information may include the locale of
a user from which the search query was sent.

Various data structures may be utilized in storing search
data 420. A portion ofthe indexed data may be stored in a data
structure suitable for hierarchical data. For example, in one
implementation, a tree data structure may be used to store the
geographical data (i.e., corresponding to the geographical
taxonomy). In other implementations, a different type of data
structure (e.g., a linked list, etc.) may be utilized to store the
geographical data. Other types of data structures (e.g., a table,
etc.) may store other portions of the indexed data.

Although FIG. 4 illustrates components of search engine
240, in other implementations, fewer, different, or additional
components may be utilized. For example, search engine 240
may include a graphical user interface (GUI) to receive a
search query and/or to present search results. Additionally, or
alternatively, in other implementations, the arrangement of
components may be different than the arrangement depicted
in FIG. 4. Additionally, or alternatively, search component
410 and/or search data 420 may be implemented in a distrib-
uted manner (e.g., between multiple search engines, devices
(e.g., servers), etc.).

FIG. 5 is a diagram illustrating data that may be maintained
in search data 420 depicted in FIG. 4. As illustrated, search
data 420 may include a tree 510, a name table 520, a bloom
filter 530, a triangular array 540, a hit list 550, and templates
560. Each of these is a data structure that may be stored in a
computer-readable medium.

Tree 510 may include indexed data (e.g., geographical
data). Tree 510 may include a root node and parent/child
nodes in correspondence to a hierarchical structure. The root
of tree 510 may include, for example, the “Earth,” and the
remaining nodes may follow a hierarchical order, such as
“continents,” followed by “countries,” “regions,” “cities,”
“postal codes,” and “points-of-interest.” Depending on, for
example, the location on Earth, a different hierarchical order
of nodes may be utilized. For example, a portion of tree 510
that corresponds to the United States of America (“United
States”), may include a hierarchical order of nodes, such as
“country,” “state,” and “city.” Additionally, or alternatively,
tree 510 may include nodes, such as, for example, “street
address,” “global postal codes,” and/or other nodes that cor-
respond to an even more specific locale. For example, when
search engine 240 may be utilized to perform a map search,
tree 510 may include nodes having these more specific
locales.

In addition to nodes corresponding to locations on Earth
(i.e., geographical data), tree 510 may include nodes that do
not include geographical data. For example, in some
instances, a search term may include a name that corresponds
to a place even though a user may not mean a place. For
example, the search query may include the search terms
“Orlando Bloom,” a movie actor. Thus, while the search term
“Orlando,” may correspond to a city in Florida in the United
States; the search terms “Orlando Bloom,” may correspond to
the movie actor. In this regard, search engine 240 may not
interpret “Orlando” as a city since “Orlando” appears adja-
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cent to “Bloom.” Rather, search engine 240 may interpret
“Orlando Bloom™ as a person.

Tree 510 may also include attribute information. Attribute
information may include, for example, the type of node, such
as whether a node corresponds to a continent, country, city, or
point of interest, a stand-alone value, a country stand-alone
value, a relational value, map data, latitude and longitude
information, boundary information, and/or other information
(e.g., user location information).

The stand alone value may correspond to a value that
represents an importance of a location in the context of the
Earth. For example, the search terms “New York™ may impart
a significant degree of importance since “New York” may be
considered well-known throughout the world. Thus, the
stand-alone value for “New York” may be afforded a higher
stand-alone value compared to another locale that may not be
well-known throughout the world. The stand alone value may
be based on, for example, the population of the location,
well-known points of interest in the location, the size of the
location, the number of searches relating to the location, the
number of Web pages relating to the location, etc.

The country stand-alone value may correspond to a value
that represents an importance of a location in the context of a
country. For example, the search terms “Valencia, Canada”
and “Valencia, Spain” may have different country stand-
alone values since “Valencia” in Spain may be considered
more important than “Valencia” in Canada. The country
stand-alone value may be based on, for example, the popula-
tion of the location, well-known points of interest in the
location, the size of the location, the number of searches
relating to the location, the number of Web pages relating to
the location, etc.

The relational value may correspond to a value that repre-
sents an association between the search term and the name of
the location. For example, the relational value may indicate
whether the search term corresponds to a primary name, an
official name, or a colloquial name. For example, a search
term, such as “Massachusetts,” may be considered a primary
name. However, the search terms “The Commonwealth of
Massachusetts” and/or the “State of Massachusetts” may be
considered an official name. The search terms “Bay Area”
may be considered a colloquial name for “San Francisco.”

Map data may include a representation of an area. For
example, as previously described, map data may include a
graphical map. Latitude and longitude information may cor-
respond to geographic coordinates. Boundary information
may include map location information surrounding a center
point relating to a locale.

Attribute information may be used by search engine 240
for, among other things, interpreting the search terms, scor-
ing, and/or presenting information with the search results.

Name table 520 may include indexed data. For example, a
name may correspond to a place, such as “Paris.” Each name
in name table 520 may include one or more pointers that point
to all the items that it corresponds to in tree 510. So, for
example, the name “Paris,” may have associated with it, a
corresponding pointer that points to a city in France, a town in
Texas, and a street in San Francisco in tree 510. Thus, a name
in name table 520 may have associated with it a pointer that
points to multiple nodes intree 510. Conversely, a node of tree
510 may be pointed to by multiple pointers associated with
multiple names of name table 520. For example, name table
520 may include names, such as “New York,” “New York
City,” and “Big Apple.” In this instance, the pointers associ-
ated with these names may point to the same node in tree 510.
Name table 520 may include names that may not be places.
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For example, as previously described above, name table 520
may include the name “Orlando Bloom.”

Bloom filter 530 may include, for example, prefixes to a
longer name. For example, bloom filter 530 may include
prefixes that may be an article, such as “the,” or prefixes, such
as “new,” as in “New York.” Thus, for example, these prefixes
may not correspond to a place when considered in isolation;
however, these prefixes may have a nexus to an adjacent
search term, which, when taken together, may or may not
correspond to a place.

Triangular array 540 may include select combinations of
the search terms of a search query. The combinations of
search terms may be thought of as a triangular array. In such
an instance, each field of triangular array 540 may include a
combination of the search terms. The number of combina-
tions (i.e., fields of triangular array 540) may be calculated by
the formula

(N #(N +1)
—

where N corresponds to the number of search terms in the
search query. So, for example, a search query containing four
search terms may yield, when parsed, ten different combina-
tions of the search query. As an example, assume that search
query contains three search terms, “Pizza Zurich Switzer-
land.” Triangular array 540 may include the following com-
binations: “Pizza Zurich Switzerland,” “Zurich Switzerland,”
“Switzerland,” “Pizza Zurich,” “Zurich,” and “Pizza.” That is,
triangular array 540 may include each combination of adja-
cent search terms (e.g., “Pizza Zurich Switzerland,” “Zurich
Switzerland,” and “Pizza Zurich”), as well as individual
search terms (“Pizza,” “Zurich,” and “Switzerland™).

Hit List 550 may include a list of interpretations relating to
the search terms of the search query that match name table
520 and/or tree 510. These interpretations of hit list 550 may
be scored based on a ranking algorithm included in search
component 410, as will be described below.

Templates 560 may include elements that provide a refer-
ence to score interpretations contained in hit list 550. For
example, templates 560 related to a geographical taxonomy
may include elements corresponding to “city, state,” “city,
state, country,” etc. In other words, the elements of a template
560 may include a pattern of terms that correspond to an order
in which a user may formulate a search query.

Although FIG. 5 illustrates data, in other implementations,
fewer, different, or additional data may be utilized. Addition-
ally, or alternatively, and in other implementations, different
data structures may be utilized. Further, search data 420 may
include additional information not specifically described
herein, such as location of the user, which may be used by
search engine 240 for interpreting, scoring, and/or providing
search results. Additionally, or alternatively, although
attribute information has been described in relation to tree
510, attribute information may be contained in other data
structures, in combination among data structures in search
data 420, and/or elsewhere on server 230.

FIG. 6 is a flow chart illustrating a process for generating
search results. In one implementation, the blocks of FIG. 6
may be performed by server 230. In another implementation,
one or more blocks may be performed by a device other than
server 230 or in combination with server 230.

As illustrated, process 600 may begin with a search query
being received from a user (Block 610). For example, server
230 may receive a search query from client 210 via network
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220. For example, a user of client 210 may provide a search
query via a Web browser. In one implementation, search
engine 240 may provide a graphical user interface (GUI) for
a user to enter search terms. For example, the GUI may
include one or more search boxes for entering a search query,
and a search button to initiate the search. In one implemen-
tation, the search box may be a single text box in which the
user may not be able to characterize the search terms (e.g.,
which part of the search query corresponds to, for example, a
“where” part, a “who” part, a “what” part, etc.). Nevertheless,
search engine 240 may interpret the search query in accor-
dance with a hierarchical taxonomy based on the operations
described herein. In other implementations, search engine
240 may not provide a GUI. For example, search engine 240
may be a backend component that receives a search query
from another search engine.

For purposes of discussion, assume that a user would like to
find restaurants. In this example, the user may enter a search
query, such as “Restaurants Amsterdam the Netherlands™ in
the search box. The user may initiate the search by pressing
the search button.

The search query may be parsed into combinations of
search terms (Block 620). For example, search component
410 may parse the search query into a combination(s) of
search term(s) in the order in which the search term(s) were
entered by the user. The combination may include one or
more search terms. A combination having more than one
search term may include search terms that are adjacent (e.g.,
search terms that appear next to each other in the order
entered by the user). For example, search component 410 may
select which search terms are adjacent based on the order of
the search terms in the search query. In one implementation,
the combinations may include each combination of adjacent
search terms. In another implementation, adjacent search
terms may include search terms that are not actually adjacent
within the search query (e.g., search terms that are separated
by stop-words). For example, a search query may include
stop-words, such as “a” or “and,” that may be discarded
and/or ignored. In such instances, search terms may be con-
sidered adjacent by virtue of discarding or ignoring a stop-
word.

As an example of parsing a search query, the search query
“Restaurants Amsterdam the Netherlands” may be parsed
into the following combinations: “Restaurants Amsterdam
the Netherlands,” “Amsterdam the Netherlands,” “the Neth-
erlands,” “Netherlands,” “Restaurants Amsterdam the,”
“Amsterdam the,” “the,” “Restaurants Amsterdam,” “Amster-
dam,” and “Restaurants.” That is, search component 410 may
parse the search query “Restaurants Amsterdam the Nether-
lands” into every combination of adjacent search terms, as
well as individual search terms.

In one implementation, search engine 240 may store the
combinations in triangular array 540. Additionally, or alter-
natively, search engine 240 may hash each search term to a
size that minimizes collisions when searching and/or match-
ing, for example, search terms with the information contained
in name table 520 and/or tree 510, as described below.

A search may be performed for each combination based on
hierarchical taxonomy data to generate an interpretation
(Block 630). Search component 410 may conduct a search for
each combination utilizing search data 420. In one implemen-
tation, search data 420 may include data, such as name table
520, which may provide an index to hierarchical taxonomy
data, such as tree 510. The hierarchical taxonomy data may
include any hierarchical data, such as geographical, biologi-
cal (e.g., plants or animals), business, objects, people (e.g., by
profession), etc.
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In one implementation, search component 410 may com-
pare each combination of triangular array 540 to information
in name table 520. This process may be performed serially or
in parallel. In such an instance, each search term of a combi-
nation may be matched with information in name table 520.
When a match between a search term of triangular array 540
and a name of name table 520 occurs, search component 410
may reference tree 510 based on the one or more pointers
associated with the name of name table 520 that point to one
or more nodes of tree 510. A match between one or more
search terms of a combination and a name contained in name
table 520 may constitute a hit. For example, referring back to
the search query “Restaurants Amsterdam the Netherlands,”
search component 410 may consider the combination “Res-
taurants Amsterdam.” Limiting our discussion to geographi-
cal data, search component 410 may find a match between the
search term “Amsterdam” and a name “Amsterdam” in name
table 520. Search component 410 may refer to tree 510 based
on one or more pointers associated with the name “Amster-
dam” in name table 520.

In some instances, more than one search term of a combi-
nation may match one or more names in name table 520. In
these instances, search component 410 may determine
whether the adjacent search terms of a combination have a
hierarchical relationship by performing walk-ups in tree 510.

FIG. 7 is a diagram illustrating an operation for determin-
ing whether a hierarchical relationship exists. For example,
search component 410 may consider the combination
“Amsterdam the Netherlands.” Search component 410 may
find a match between the search term “the Netherlands” and
a name “the Netherlands” in name table 520. Search compo-
nent 410 may also find a match between the search term
“Amsterdam” and a name “Amsterdam” in name table 520.
Search component 410 may refer to tree 510 based on one or
more pointers associated with each name in name table 520.
In this instance, search component 410 may perform a walk-
up from the node “Amsterdam” and a walk-up from the node
“the Netherlands,” as illustrated in FIG. 7. As a result, search
component 410 may determine that a hierarchical geographic
relationship exists between the search term “Amsterdam” and
the search term “the Netherlands.” Additionally, if a pointer in
name table 520 should point to other nodes in tree 510 called
“Amsterdam,” this hit, in one implementation, may be elimi-
nated since adjacent search terms “Amsterdam” and “the
Netherlands™ have been joined. For example, as illustrated in
FIG. 7, anode “Amsterdam” in tree 510 may relate to a city in
New York. Accordingly, a walk-up from this node will not
intersect with the node “the Netherlands”

When conducting the search, search component 410 may
also perform one or more other operations depending on the
combination. For example, in one instance, search compo-
nent 410 may consider the combination “Amsterdam the.”
While the search term “the” may not result in a hit, search
component 410 may reference bloom filter 530. Search com-
ponent 410 may recognize the search term “the” as a prepo-
sition and/or as a connector, which may trigger search com-
ponent 410 to consider the search term adjacent to the search
term “the.”” Another example of such an instance relates to the
search terms “New York.” That is, search component 410 may
recognize the search term “New” as a preposition and/or as a
connector, based on bloom filter 430, which may trigger
search component 410 to consider the search term adjacent to
the search term “New.”

Given the multitude of possible search queries, variations
to the above example may exist. For example, in some
instances, the search query may contain a repetition of iden-
tical search terms, such as “Zurich, Zurich, Zurich” However,
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since a pointer in name table 520 may point to any node oftree
510 with the name “Zurich,” search component 410 may
determine a multitude of hierarchical relationships associated
with these adjacent terms ranging from, for example, three
separate and distinct search terms having no hierarchical
relationship to three search terms having a hierarchical rela-
tionship.

Referring back to FIG. 6, an interpretation may be gener-
ated for each combination based on the search (Block 640).
For example, search component 410 may generate an inter-
pretation for each combination based on search data 420, such
as attribute information, name table 520, bloom filter 530,
and/or tree 510. For example, search component 410 may
associate a meaning to the one or more search terms within
each combination in correspondence to matches to search
data 420. In one implementation, the interpretations may be
assembled in, for example, hit list 550.

Each interpretation may be scored (Block 650). As previ-
ously described, search component 410 may include a rank-
ing algorithm to score each interpretation. Search component
410 may utilize templates 560 to score each interpretation.
Additionally, search component 410 may assign a score to
each interpretation based on one or more rules or heuristics.
For example, the rules or heuristics may include consider-
ations, such as, an order of the meaning of the search terms
within a combination, the number of matched search terms
within a combination, attribute information, etc.

For example, search engine 240 may compare various tem-
plates 560 to an interpretation. For example, a template 560,
such as a geo-template “city, country,” may be compared to an
interpretation associated with the search terms “Amsterdam
the Netherlands.” When an interpretation corresponds to tem-
plate 560, as in this example, the interpretation may be
assigned a score associated with template 560. In some cases,
an interpretation may correspond to more than one template
560; however, the scores may be different. For example, when
a user resides in the United States, and an interpretation
corresponding to template 560 (e.g., “city, state”) and an
interpretation corresponding to template 560 (e.g., “street,
country”) exist (i.e., both templates match the search terms),
search component 410 may assign a higher score to the inter-
pretation corresponding to template 560 (e.g., “city, state”)
than the interpretation corresponding to template 560 (e.g.,
“street, country”). In other words, template 560 correspond-
ing to “city, state” may provide a higher score than another
template 560 corresponding to “street, country” because the
user in the United States is more likely (e.g., based on gener-
alized user tendencies, rules, heuristics, etc.) to intend this
order of meaning to these search terms.

Templates 560 may also be tailored to the user’s location.
For example, a user in the country of Thailand may describe
a location in a search query in a different search term order
and/or according to a different geographic hierarchy com-
pared to a user in the country of the United States. Accord-
ingly, search component 410 may apply templates 560 that
correspond to the user’s location. In one implementation, a
user’s geographic location information may be obtained from
the user’s network address (e.g., an IP address) and/or the
domain from which the user may have accessed server 230.
Additionally, or alternatively, other information, such as
attribute information may interrelate to the location of the
user and impact the scoring of the interpretation.

Additionally, or alternatively, search component 410 may
score an interpretation based on attribute information. For
example, attribute information may be considered, such as
whether a node of tree 510 corresponds to a continent, coun-
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try, city, or point of interest, as well as a stand alone value, a
country stand-alone value, and/or a relational value associ-
ated with the node.

Search component 410 may keep or discard an interpreta-
tion based on whether the score associated with an interpre-
tation exceeds a threshold value. Additionally, or alterna-
tively, search component 410 may select a certain number of
interpretations based on a preset value.

A search may be conducted and search results may be
returned (Block 660). For example, search engine 240 may
conduct a search based on one or more scored interpretations.
That is, search engine 240 may conduct a search having
knowledge of the hierarchical meaning of the search terms
associated with the one or more interpretations to identify
search results that are relevant to the meaning of the search
terms. Search engine 240 may search the World Wide Web
(WWW) and/or some other repository of information. Search
engine 240 may transmit a Web page to the user that includes
links to relevant search results. In other implementations, for
example, search engine 240 may transmit the scored interpre-
tations and/or the search results to another search engine for
further processing. That is, for example, server 230 and
search engine 240 may be a backend component that works in
parallel with other servers and/or search engines (not illus-
trated in FIG. 2) to interpret search queries.

In one implementation, descriptive information associated
with the search result may also be provided. For example,
when search engine 240 utilizes geo-coding to interpret a
search query (i.e., to interpret the search query as a place or a
geographical location), additional information, such as
graphical map information may be provided. Additionally, or
alternatively, a telephone number, address information, traffic
information, weather, events occurring in a particular area,
and/or driving directions, may be included with the search
results.

Although FIG. 6 illustrates operations, in other implemen-
tations, fewer, additional, or different operations may be per-
formed. For example, when a search query includes only one
search term, block 620 may be omitted. Additionally, or alter-
natively, search engine 240 may perform walk-downs in tree
510 instead of walk-ups.

As described herein, search engine 240 may provide mul-
tiple interpretations of adjacent terms that may have a hierar-
chical relationship. Further, search engine 240 may provide
for an expansive platform to interpret a search query based on
any type of hierarchical taxonomy.

CONCLUSION

The foregoing description of preferred embodiments ofthe
present invention provides illustration and description, but is
not intended to be exhaustive or to limit the invention to the
precise form disclosed. Modifications and variations are pos-
sible in light of the above teachings or may be acquired from
practice of the teachings. The search engine, as described
herein, may utilize various taxonomies having a hierarchical
schema, such as geographical taxonomies, business listing
taxonomies, biological taxonomies, etc., as described above.
Additionally, it will be appreciated that the search engine may
be applicable to environments other than the Web or the
Internet. That is, the search engine, described herein, may be
utilized to search any type of repository of data.

In addition, while a series of blocks has been described
with regard to the process illustrated in FIG. 6, the order of the
blocks may be modified in other implementations. Further,
non-dependent blocks may be performed in parallel.
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It will be apparent that aspects described herein may be
implemented in many different forms of software, firmware,
and hardware in the implementations illustrated in the figures.
The actual software code or specialized control hardware
used to implement aspects does not limit the embodiments.
Thus, the operation and behavior of the aspects were
described without reference to the specific software code—it
being understood that software and control hardware can be
designed to implement the aspects based on the description
herein.

Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,
these combinations are not intended to limit the disclosure of
the invention. In fact, many of these features may be com-
bined in ways not specifically recited in the claims and/or
disclosed in the specification.

No element, block, or instruction used in the present appli-
cation should be construed as critical or essential to the imple-
mentations described herein unless explicitly described as
such. Also, as used herein, the article “a” is intended to
include one or more items. Where only one item is intended,
the term “one” or similar language is used. Further, the phrase
“based on” is intended to mean “based, at least in part, on”
unless explicitly stated otherwise.

The invention claimed is:

1. A method comprising:

determining, by a device, whether:

afirst search term, of a search query, matches a first term
at a first hierarchical level of a hierarchical taxonomy,
and
a second search term, of the search query, matches a
second term at a second hierarchical level of the hier-
archical taxonomy,
the second hierarchical level being different from the
first hierarchical level,
the search query being submitted by a user device;
determining, by the device, that the first search term and the
second search term exist in a hierarchical relationship
when:
the first search term matches the first term, and
the second search term matches the second term;
generating, by the device, an interpretation for a combina-
tion of the first search term and the second search term
based on:
determining that the first search term and the second
search term exist in the hierarchical relationship, and
a location associated with the user device;
determining, by the device, a score for the interpretation of
the combination of the first search term and the second
search term; and

identifying, by the device, search results based on the inter-

pretation of the combination of the first search term and
the second search term when the score exceeds a thresh-
old,

the search results being provided for display.

2. The method of claim 1, further comprising:

causing the search results to be provided to the user device

for display.

3. The method of claim 1, where the hierarchical taxonomy
includes:

hierarchical data relating to business,

hierarchical data relating to events, or

hierarchical data relating to people.

4. The method of claim 1, where identifying the search
results includes:

identifying the search results based on:

a third search term of the search query, and
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the interpretation of the combination of the first search
term and the second search term.
5. The method of claim 1, where the first search term and
the second search term are adjacent search terms.
6. The method of claim 1, where the hierarchical taxonomy
includes:
hierarchical data relating to concepts, or
hierarchical data relating to objects.
7. A system comprising:
a device, comprising a memory, to:
receive a search query,
the search query including a plurality of search terms;
identify, based on a taxonomy, a hierarchical relation-
ship between:
a first search term of the plurality of search terms, and
a second search term of the plurality of search terms,
the first search term and the second search term
being adjacent search terms,
each of the first search term and the second search
term being associated with a different level of the
hierarchical relationship;
generate an interpretation for a combination of the first
search term and the second search term,
the interpretation being generated based on the hier-
archical relationship identified between the first
search term and the second search term;
determine a score for the interpretation of the combina-
tion of the first search term and the second search
term;
identify one or more search results based on the inter-
pretation of the combination of the first search term
and the second search term when the score exceeds a
threshold; and
provide the one or more search results for display.
8. The system of claim 7, where, when determining the
score, the device is to:
determine the score for the interpretation based on a mea-
sure of popularity of the combination of the first search
term and the second search term.
9. The system of claim 7, where, when determining the
score, the device is to:
determine the score for the interpretation based on a tem-
plate and the interpretation.
10. The system of claim 9, where the search query is
received from a user device,
where the device is further to:
identify the template, from a plurality of templates,
based on information identifying a location associ-
ated with the user device,
the plurality of templates identifying a plurality of
hierarchical relationships.
11. The system of claim 7, where, when identifying the
hierarchical relationship, the device is to:
identify the hierarchical relationship based on a hierarchi-
cal taxonomy.
12. The system of claim 11, where the hierarchical tax-
onomy includes:
hierarchical data relating to events, or
hierarchical data relating to people.
13. The system of claim 11, where the hierarchical tax-
onomy includes:
hierarchical data relating to concepts,
hierarchical data relating to business,
hierarchical data relating to biological data, or
hierarchical data relating to objects.
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14. The system of claim 7, where, when determining the
score, the device is further to:
determine the score for the interpretation based on a mea-
sure of importance of one of the first search term or the
second search term with respect to another one of the
first search term or the second search term.
15. A non-transitory computer-readable medium storing
instructions, the instructions comprising:
one or more instructions which, when executed by one or
more processors, cause the one or more processors to
receive a search query,
the search query including a plurality of search terms;
one or more instructions which, when executed by the one
or more processors, cause the one or more processors to
identify, based on a taxonomy, a hierarchical relation-
ship between:
a first search term of the plurality of search terms, and
a second search term of the plurality of search terms,
each of the first search term and the second search
term being associated with a different level of the
hierarchical relationship;
one or more instructions which, when executed by the one
or more processors, cause the one or more processors to
generate an interpretation for a combination of the first
search term and the second search term,
the interpretation being generated based on the hierar-
chical relationship identified between the first search
term and the second search term;
one or more instructions which, when executed by the one
or more processors, cause the one or more processors to
determine a score for the interpretation of the combina-
tion of the first search term and the second search term;
one or more instructions which, when executed by the one
or more processors, cause the one or more processors to
identify one or more search results based on the inter-
pretation of the combination of the first search term and
the second search term when the score exceeds a thresh-
old; and
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one or more instructions which, when executed by the one
or more processors, cause the one or more processors to
provide the one or more search results for display.

16. The non-transitory computer-readable medium of
claim 15, where the one or more instructions to generate the
interpretation include:

one or more instructions to generate the interpretation

based on a measure of popularity of the combination of
the first search term and the second search term.

17. The non-transitory computer-readable medium of
claim 15, where the one or more instructions to generate the
interpretation include:

one or more instructions to generate the interpretation

based on a measure of importance of one of the first
search term or the second search term with respect to
another one of the first search term or the second search
term.

18. The non-transitory computer-readable medium of
claim 15, where the one or more instructions to identify the
one or more search results include:

one or more instructions to identify the one or more search

results based on:

a third search term of the search query, and

the interpretation of the combination of the first search
term and the second search term.

19. The non-transitory computer-readable medium of
claim 15, where the search query is received from a user
device, and

where the one or more instructions to generate the inter-

pretation include:
one or more instructions to generate the interpretation
based on a location associated with the user device.

20. The non-transitory computer-readable medium of
claim 15, where the first search term and the second search
term are adjacent search terms.
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